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of an air conditioning system of a vehicle may include an 1on
exchange layer including ion exchange particles and a
plurality of further layers. The ion exchange layer may
directly adjoin at least one of the plurality of further layers.
The plurality of further layers may include an active layer
including non-impregnated active carbon particles, and an
impregnation layer including impregnated active carbon
particles. The active layer may be arranged between the 10n
exchange layer and the impregnation layer. The 1on
exchange layer may be hygroscopic and may contain 10ns
which form a toxic environment with water. The impregna-
tion layer may include a component of active carbon par-
ticles impregnated with potassium 1odide and a component
ol active carbon particles impregnated with potassium car-
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AIR FILTER COMPRISING A MULTILAYER
FILTER MATERIAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to International Patent
Application No. PCT/EP2017/055278, filed on Mar. 7,

2017, and German Patent Application No. DE 10 2016 204
525.3, filed on Mar. 18, 2016, the contents of both of which

are hereby incorporated by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a multilayer filter material
for an interior air {ilter of a vehicle. The ivention relates
turthermore to an interior air filter for an air conditioning
system of a vehicle, which 1s produced by means of such a
multilayer filter material. Finally, the present invention
relates to an air conditioning system for a vehicle, which 1s
equipped with at least one such interior air filter.

BACKGROUND

In vehicles, 1n particular 1n road vehicles, a need exists to
supply a vehicle iterior, preferably a passenger compart-
ment, with clean air. The supplying of the vehicle interior
with air usually takes place by means of an air conditioning
system which draws 1n air from the interior, cleans it by
means of an interior air filter, and returns it to the interior
(recirculating air operation), or draws 1n fresh air from the
environment and cleans 1t by means of the interior air filter
and delivers 1t to the interior (iresh air operation). Likewise,
in modern air conditioning systems any intermediate posi-
tions between such a recirculating air operation and such a
fresh air operation are possible (mixed air operation).
Whereas such an interior air filter originally only had to filter
out coarse 1mpurities from the air, the demands on such
interior air filters and the filter materials coming into use
here have increased constantly. In the meantime, by means

of an mterior air filter, a cleaning of the drawn-in air of

pollen, fine dust and odours 1s to be achieved. In particular,
the removal of odorous substances from the drawn-in air
presents difficulties here, because diflerent odorous sub-
stances also require different filter materials. If, however, for
an 1increasing number of different odorous substances a
corresponding number of different filter materials becomes
necessary, the throughflow resistance of the air filter
increases, which prevents an economical mode of operation
of the air conditioning system. Therefore, multilayer filter
materials preferably come into use, which always represent
an optimized compromise for the respective cleaning task.
In so far as such an air filter can filter out both particulate
impurities, therefore solid and/or ligmid impurities, and also
gaseous i1mpurities from the air, such an air filter 1s fre-
quently also designated as a hybrid filter. Such hybrid filters
are readily itemized via specifications which generally take
the following gases into consideration: n-butane, toluene,
sulphur dioxide, mitrogen oxides, ozone. These hybrid filters
are specified for example according to ISO Standard 11155
Part 2. However, this standard specification represents odour
pollutions which were identified in European areas of high
population density approximately 30 years ago. Present-day

external air conditions, such as are present in the areas of

high population density in Furope and especially in Asia
differ, however, from these earlier external air conditions.
For example, the ambient air today can contain amines and
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aldehydes which transport odours and which can not, or can
only be insuthciently filtered by the above-mentioned hybrid

filters according to standard specification.

From DE 10 2005 016 677 Al a filter element with a
multilayer filter material 1s known, 1n which an active layer
arranged on the mflow side 1s provided with active carbon
fibres, to which an adsorber layer with granular adsorbents
adjoins on the outflow side. A further active layer with active
carbon fibres can adjoin this adsorber layer on the outtlow
side. The adsorbents which are used here can comprise
active carbon, zeolites, cyclodextrins, silicates, 10n exchang-
ers and aluminosilicates.

From DE 10 2012 007 503 Al another adsorptive filter
medium 1s known, 1n which a plurality of first filter layers
are provided with a first adsorption substance and a plurality
of second filter layers, diflerent from the first filter layers, are
provided with a second adsorption substance, which alter-
nate and have different throughflow resistances or respec-
tively pressure losses.

A further adsorptive filter material 1s known from DE 10
2009 021 020 Al and contains an exchange resin which 1s
loaded with metal cations.

A further difficulty which can occur 1n filters of a vehicle
air conditioning system 1s the accumulation and multiplica-
tion or respectively growth of microorganisms, such as e.g.
bacteria, algaec and fungi, on the filter material. These
microorganisms can arrive into the passenger compartment
from the air stream, so that ultimately the passengers are
exposed to these microorganisms.

SUMMARY

The present invention i1s concerned with the problem of
indicating, for a filter material of the type named 1n the
introduction, or respectively for an interior air filter element
equipped therewith, or respectively for an air conditioning
system equipped therewith, an improved embodiment which
1s distinguished 1n particular by a reduced growth of micro-
organisms. In addition, optionally also an eflicient cleaning
ellect can be aimed for a multiplicity of odorous substances
with comparatively small throughtlow resistance.

This problem 1s solved according to the invention by the
subject matter of the independent claim(s). Advantageous
embodiments are the subject of the dependent claim(s).

The mvention 1s based on the general idea of providing,
in a filter material which 1s constructed having at least two
layers, an 1on exchange layer and at least one further layer,
wherein the ion exchange layer directly adjoins such a
turther layer. It has been found that such an ion exchange
layer 1s harmiful for a range ol microorganisms, so that
microorganisms can no longer multiply 1n the filter matenial,
or can only do so at a reduced rate. The contamination of the
vehicle occupants by microorganisms 1s thereby reduced.

An embodiment 1s preferred 1n which the 1on exchange
layer 1s arranged with respect to a throughflow direction
provided for the filter material 1n the 1nstalled state upstream
of the further layer, directly adjoining thereto. The micro-
organisms must therefore necessarily pass through the 1on
exchange layer, 1n order to arrive into the respective subse-
quent layer, so that 1n the subsequent layer(s) the risk of a
multiplication of the microorganisms 1s reduced.

An embodiment 1s particularly advantageous, 1n which
the 1on exchange layer 1s hygroscopic and contains ions
which form a toxic environment with water. The hygro-
scopic 10n exchange layer absorbs water from the air flow.
On the one hand, it 1s thereby achieved that distinctly less
moisture arrives ito the respectively subsequent layer, so
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that the microorganisms which can accumulate there lack a
substantial component for biological growth, namely water.
Therefore, a multiplication of the microorganisms can be
cihiciently reduced. On the other hand, said toxic environ-
ment arises in the 1on exchange layer through the water in
connection with the 1ons, which toxic environment counter-
acts biological growth 1n the 1on exchange layer. Also, a
large proportion of microorgamisms, which are exposed to
this toxic environment on their way through the 1on
exchange layer, are killed.

A Turther development 1s advantageous, 1n which the 1ion
exchange layer contains acid ions which form an acid
environment with water. Such an acid environment, which
has for example a pH value of a maximum of 3.0, 1s
extremely harmiful to microorganisms.

According to an advantageous embodiment, an active
layer, which has non-impregnated active carbon particles,
and an impregnation layer, which has impregnated active
carbon particles, can be provided as further layers. Here, the
active layer can be arranged between the 1on exchange layer
and the impregnation layer. In particular here the active layer
can be the layer directly adjoining the 1on exchange layer.

This embodiment 1s based on the general 1dea of equip-
ping the filter material with at least three layers which lie
against one another or respectively are layered onto one
another 1n the throughtlow direction of the filter matenial. In
accordance with the invention, this concerns at least one
active layer which has non-impregnated active carbon par-
ticles, an impregnation layer which has impregnated active
carbon particles, and an 10n exchange layer which has 1on
exchange particles. Therefore, at least three functional layers
are proposed for the multilayer filter material, which differ
from one another by different cleaning functions. According
to the mvention, these cleaning functions or respectively
functional layers are coordinated with one another 1n a
targeted manner so that a particularly eflicient cleaning
ellect occurs for a variety of odorous substances. In particu-
lar, 1t has been found that with the three proposed layers of
different adsorbents, the following harmful substances were
able to be removed from the respective air stream particu-
larly efliciently: ammonia, acetaldehyde, hydrogen sulphide,
2-butanone, trimethylamine, hexanal, propionic acid and
n-butane. Through a variety of investigations, 1t has been
surprisingly found here that a multilayer arrangement of
these different adsorbents displays a higher efficiency than a
single-layer arrangement of a corresponding mixture of
these adsorbents. As basically only these three functional
layers are necessary, an associated air filter element can also
be realized with a comparative low throughtlow resistance.

A configuration has proved to be particularly expedient
here in which the active layer i1s arranged between the 10n
exchange layer and the impregnation layer.

For use, 1t has proved to be advantageous 1f the 1on
exchange layer 1s arranged 1n installed state upstream of the
impregnation layer with respect to a throughtlow direction
provided for the filter matenal.

Particularly high degrees of adsorption can be realized by
the following embodiments, which can be realized alterna-
tively or cumulatively or in any desired combination. For
example, an ash content of the active layer can be limited to
a maximum of 3% by weight. Preferably, the ash content 1n
the active layer 1s less, 1n particular at least 50% less, than
in the impregnation layer. In addition, the active layer can
have non-impregnated active carbon particles, which have
substantially a grain size of 30x60 or 30x70 mesh, wherein
mesh corresponds to the mesh width of a sieve which 1s still
penetrable for a granulate with the said grain size.
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The impregnation layer can be produced with active
carbon particles, wherein the “impregnation’ lies in that the
adsorption capability of the active carbon particles for
hydrocarbons has been reduced by an additive. For example,
the active carbon particles have been treated by means of an
acid and/or basic or respectively alkaline solution. For
example, the impregnation layer can have active carbon
particles impregnated with potassium 10dide. Additionally or
alternatively, the impregnation layer can have active carbon
particles impregnated with potassium carbonate (potash). A
variant 1s preferred, in which the impregnation layer has
both a component of active carbon particles impregnated
with potassium 1odide and also a component of active
carbon particles impregnated with potassium carbonate.
Preferably, here, the component impregnated with potas-
sium 10dide 1s greater than the component impregnated with
potassium carbonate. In particular, the component 1mpreg-
nated with potassium 1odide 1s approximately twice as great
as the component impregnated with potassium carbonate. A
composition 1s particularly advantageous here, in which the
impregnation layer has a weight component of 10% active
carbon particles impregnated with potassium 1odide, a
weight component of 5% active carbon particles 1mpreg-
nated with potasstum carbonate, wherein the remaining 85%
by weight consists of non-impregnated active carbon par-
ticles and ash. The ash occurring during the activation of the
active carbon likewise has an impregnating eflect, because
it clogs pores of the active carbon and thereby reduces the
surface available for the adsorption of the hydrocarbons. The
above percentages can vary here by £2%-points between the
individual components.

The 1on exchange layer can basically be configured so that
it permanently binds interfering anions and/or interfering
cations to 1t. The 10n exchange layer preferably has cation
exchange particles. In particular, the 10n exchange layer can
have 1on exchange particles with sulphonic acid groups.
Furthermore, the 1on exchange particles can be configured to
be at least partially fibrous and to be incorporated nto a
layer of non-woven material with filter material fibres. The
filter material fibres can be, for example, plastic fibres or
cellulose fibres or a mixture thereof. Likewise, 1t 1s conceiv-
able to configure the 10n exchange particles to be at least
partially pulverulent and to incorporate them into a non-
woven material layer with filter material fibres, wherein
here, again, plastic fibres and/or cellulose fibres can also
come 1nto use for the non-woven material layer.

Furthermore, it has surprisingly proved to be particularly
advantageous to follow a particular sequence for the difler-
ent functional layers. Accordingly, an increased efliciency
can be achieved according to a preferred embodiment, when
the active layer 1s arranged between the impregnation layer
and the 1on exchange layer, preferably so that the active
layer on the one side directly adjoins the impregnation layer,
and on the other side directly adjoins the 10n exchange layer.

In addition to the sequence of the individual functional
layers, 1t has furthermore been surprisingly found that a
particular sequence of the functional layers 1s also important
in the case of the throughflow with the air stream which 1s
to be cleaned. According to a preferred further development,
which 1s distinguished through a particularly high efliciency
with regard to the cleaning eflect for odorous substances, the
ion exchange layer i1s arranged on the intlow side, whereas
the impregnation layer i1s arranged on the outflow side. The
active layer 1s situated again between the 10n exchange layer
and the impregnation layer.

According to another advantageous embodiment, the
impregnation layer can have a non-woven material of filter
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material fibres and can form an outer side of the filter
maternial. The impregnation layer serves here, at the same
time, as a support layer for the filter material. Additionally
or alternatively, the 1on exchange layer can have a non-
woven material of filter material fibres and can form an outer
side of the filter material. In this case, the 10n exchange layer
serves as support layer for the filter material. In so far as the
two above variants are realized cumulatively, the filter
material has precisely three functional layers, namely the
impregnation layer, preferably on the outtlow side, serving
as support layer, the ion exchange layer, preferably on the
inflow side, serving as support layer, and the active layer
arranged between the impregnation layer and the 1on
exchange layer.

According to an advantageous embodiment, the further
layers can have at least one additional layer, which can be
provided 1n addition to the 1on exchange layer. Such an
additional layer can be configured e.g. as a support layer or
as a particle filter layer, which 1s explained 1n greater detail
further below. In an extreme case, the filter material there-
fore has only the 10n exchange layer and one such additional
layer. However, preferably an active layer, an impregnation
layer and one or more additional layers are provided as
turther layers.

In an alternative embodiment, the 10on exchange layer on
the one side can directly adjoin the active layer, and on the
other side can directly adjoin a separate, further additional
layer, which can also be designated below as first additional
layer and 1n particular also as additional layer on the intlow
side. Additionally or alternatively, the impregnation layer
can directly adjoin, on the one side, the active layer, and on
the other side can directly adjoin a separate, further addi-
tional layer, which with regard to the additional layer already
mentioned above can also be designated as second, and in
particular also as additional layer on the outtlow side. In the
case of a cumulative realization of the above variants, the
filter material has precisely five layers, namely 1n particular,
successively 1n the throughtlow direction, the first additional
layer, the 1on exchange layer, the active layer, the impreg-
nation layer and the second additional layer.

In an alternative structure, a third separate additional layer
can be provided. In this case, the 10on exchange layer on the
one side directly adjoins a first additional layer, whereas the
impregnation layer on the one side directly adjoins the active
layer and on the other side directly adjoins a second addi-
tional layer. The 1on exchange layer, on the other side, now
directly adjoins a third additional layer, which i turn
directly adjoins the active layer. Therefore, 1n this case, the
filter material consists of the 10n exchange layer, the active
layer, the impregnation layer and the three additional layers.

Another alternative, furthermore, proposes a fourth addi-
tional layer. In this case, provision 1s made here that the 10n
exchange layer on the one side directly adjoins a first
additional layer, that the impregnation layer on the one side
directly adjoins a second additional layer, that the 1on
exchange layer on the other side directly adjoins a third
additional layer, that the impregnation layer on the other side
directly adjoins a fourth additional layer, and that the active
layer on the one side directly adjoins the third additional
layer and on the other side directly adjoins the fourth
additional layer. Consequently, in this case, the filter mate-
rial consists of the 1on exchange layer, the active layer, the
impregnation layer and the four additional layers.

The respective support layer can be composed having a
single layer or having multiple layers. The respective addi-
tional layer can be configured e.g. as a single-layered or
multi-layered support layer, which has substantially no
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filtration eflect, but rather serves principally for the stitien-
ing of the filter material. For example, such a support layer
can be characterized 1n that 1t 1s penetrable by solid and/or
liquid particles up to a grain size of 1 mm. The support layer
can be impenetrable here by relatively large particles, e.g. by
particles starting from a grain size of 1 mm. In this respect,
the support layer can so be designated as a macro filter layer.

Alternatively thereto, the respective additional layer can
be configured as a single-layered or multi-layered particle
filter layer, which 1s distinguished by a significant filtration
cellect, usually, however, i1s rather more flexible. For
example, such a particle filter layer 1s characterized in that
it 1s already impenetrable by liquid and/or solid particles
starting from a grain size of 0.1 mm. In this case, the particle
filter layer 1s configured as a micro filter layer. It can also be
configured as a nano filter layer, 11 1t 1s already impenetrable
by particles starting from a grain size of 0.1 [Im. Such a
particle filter layer can, however, also contribute to the
stiflness of the filter material and, 1n this respect, can
develop a certain supporting eflect.

Preferably, provision can be made that at least one such
additional layer 1s configured as a support layer, which 1s
penetrable by particles having a grain size of less than 1 mm.
Additionally or alternatively, provision can be made that at
least one such additional layer i1s configured as a particle
filter layer, which 1s impenetrable by particles having a grain
s1ze of greater than 0.1 mm. Preferably, provision can be
made here that the respective additional layer, if it forms an
inflow side or an outflow side of the filter material, 1s
configured as a support layer which i1s penetrable by par-
ticles having a grain size of less than 1 mm, whereas the
respective additional layer, 11 it forms neither an inflow side
nor an outilow side of the filter material, can be expediently
configured as a particle filter layer which 1s impenetrable by
particles having a grain size of greater than 0.1 mm. Like-
wise, 1t 1s concervable to configure the additional layers
lying on the exterior as particle filter layers, and the addi-
tional layers lying on the interior as support layers. Expe-
diently, the individual layers are coordinated with one
another so that in the throughtlow direction with regard to
the filtration effect, a gradient from coarse to fine occurs, so
that the coarser impurities, such as e.g. particles, are caught
first, whereas the finer impurities can penetrate deeper nto
the filter material. Hereby, the entire thickness of the filter
material can be utilized for the accumulating of impurities.
Thereby, also, a protection of the active layers from particles
arises. For example, the pore size of the additional layers can
increase from the inflow side to the outflow side, in so far as
two or more additional layers come into use, 1in particular
from macro filter layer via micro filter layer to nano filter
layer.

Layers adjoining one another can be glued to one another.
Likewise, a thermal connection 1s possible, e.g. by plasti-
c1zing.

An 1nterior air filter element according to the invention for
an 1nterior air filter device of an air conditioning system of
a vehicle has a filter body, which 1s formed by means of a
filter material of the type described above. Preferably, the
filter material 1s pleated, therefore folded, in the filter body.
The filter body can be configured here so as to be flat and
even or ring-shaped. The associated filter element 1s then
designed as a tlat filter element or as a ring filter element.
Basically, however, any other geometries are also conceiv-
able for the filter body or respectively for the filter element.

An air conditioning system according to the invention for
a vehicle 1s equipped with an interior air filter device, which
in turn 1s equipped with at least one interior air filter element
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of the type mentioned above. Expediently here the 1on
exchange layer 1s arranged upstream of the active layer,
whereas the impregnation layer 1s arranged downstream of
the active layer.

The relative specifications “upstream’ and “downstream”
refer 1n the present context to a flow direction of the air
stream which 1s to be cleaned 1n the region of the respective
filter element, which occurs during operation of the air
conditioning system during the throughtlow of the respec-
tive filter element.

Further important features and advantages of the inven-
tion will emerge from the subclaims, from the drawings and
from the associated figure description with the aid of the
drawings.

It shall be understood that the features mentioned above
and to be explained further below are able to be used not
only 1n the respectively indicated combination, but also 1n
other combinations or 1n 1solation, without departing from
the scope of the present invention.

Preferred example embodiments of the invention are
illustrated 1n the drawings and are explained further in the
following description, wherein the same reference numbers
refer to i1dentical or similar or functionally 1dentical com-
ponents.

BRIEF DESCRIPTION OF THE DRAWINGS

There are shown, respectively diagrammatically,

FIG. 1 a greatly simplified schematic diagram of an air
conditioning system, in the manner of a circuit diagram,

FIG. 2 through 6 respectively a sectional view of a
multilayer filter material 1n various embodiments.

DETAILED DESCRIPTION

According to FIG. 1, an air conditioming system 1, which
serves for the air conditioning of a vehicle mterior 2 of a
vehicle, which 1s otherwise not shown, comprises an interior
air filter device 3, which 1s equipped with at least one 1nterior
air filter element 4. The interior air filter device 3 can also
be designated 1n the following 1n abbreviated form as filter
device 3. The interior air filter element 4 can also be
designated 1n the following in abbreviated form as filter
clement 4. The air conditioning system 1 further comprises
a Tan S for generating an air stream 6, which 1s supplied to
the interior 2. Here, the air stream 6 1s directed through the
filter device 3 or respectively through the filter element 4,
whereby the air stream 6 1s cleaned. The fan 5 can draw in
circulating air 7 here from the interior 2. In addition, the fan
5 can draw in fresh air 9 from an environment 8 of the
vehicle. By means of a flap device 10, a switchover can be
carried out between a circulating air operation, in which only
circulating air 7 1s drawn 1n and supplied to the interior 2, a
fresh air operation, 1n which only fresh air 9 1s drawn 1n and
supplied to the nterior 2, and a mixed operation, 1n which
both circulating air 7 and also fresh air 9 are drawn 1n and
supplied to the interior 2. Further typical components of the
air conditioning system 1, such as e.g. a heating device and
a cooling device, are omitted here to maintain clarity.

The filter element 4 has a filter body 11, which 1s formed
by means of a filter maternial 12. Expediently, the filter
material 12 1s folded in the filter body 11. In the example of
FIG. 1, the filter body 11 1s illustrated in a plate-shaped and
flat manner. Basically, a nng-shaped filter body 11 can also
be provided. During operation of the air conditioning system
1, the air stream 6 flows through the filter element 4 or
respectively the filter body 11 and therefore ultimately also
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through the filter material 12 1n a throughflow direction 29.
Accordingly, the filter material 12 can have, according to
structure, a throughflow direction 29 provided for the correct
installed state or respectively usage state, which must be
maintained so that the filter material 12 or respectively the
filter element 4 equipped therewith can develop the intended
filtration eflect(s).

The filter material 12 coming 1nto use here 1s designed so
as to be multi-layered and 1s explained in further detail
below with the aid of FIG. 2 to 6.

In accordance with FIG. 2 to 6, the filter material 12
which 1s presented here i1s configured so as to be multi-
layered, namely at least two-layered, preferably at least
three-layered. In all embodiments, the filter material 12
comprises at least one 1on exchange layer 13, and at least one
turther layer. All the embodiments shown here are at least
three-layered, wherein in addition to the 1on exchange layer
13 at least one active layer 14 and at least one impregnation
layer 15 are provided. Therefore, the filter material 12 which
1s presented here preferably comprises at least these three
functional layers 13, 14, 15, which act in an adsorbing
manner with respect to odorous substances. As the indi-
vidual functional layers 13, 14, 15 can, furthermore, filter
out particulate impurities from the air stream 6, the filter
clement 4 can also be designated as a hybrid filter.

The respective individual functional layer 13, 14, 15 can,
in turn, be designed so as to be multi-layered or having
multiple plies, therefore can consist of two or more 1ndi-
vidual layers lying against one another. However, the
embodiment which 1s shown here 1s preferred, in which the
at least three functional layers 13, 14, 15 can be respectively
designed having a single layer.

The active layer 14 has principally, therefore as principal
component, non-impregnated active carbon particles 16.
Preferably the component of non-impregnated active carbon
particles 16 1s at least 85% by weight, preferably at least
90% by weight, 1n particular at least 95% by weight. The
active layer 14 can have, in addition, an ash component,
which 1s a maximum of 3% by weight and preferably a
maximum of 3% by weight. This ash arises during the
preparation of the active carbon, in which the “normal”
carbon 1s activated at a high temperature of e.g. approxi-
mately 1,000° C. The non-impregnated active carbon par-
ticles 16 preferably have a grain size of approximately
30x60 or 30x70 mesh.

The impregnation layer 15 has impregnated active carbon
particles 17, 18. Preferably, the component of impregnated
active carbon particles 17, 18 1s at least 5% by weight,
preferably at least 10% by weight, 1n particular at least 15%
by weight. For example, the impregnation layer 15 can have
first active carbon particles 17, which are impregnated with
potassium 1odide. Additionally or alternatively, second
active carbon particles 18 can be provided, which are
impregnated with potassium carbonate. Finally, the impreg-
nation layer 15 can have, in addition, third active carbon
particles 19, which are not impregnated by means of an
additive. However, the impregnation layer 15 can also have
ash which acts 1n an impregnating manner for the active
carbon, because 1t clogs pores of the active carbon and
thereby reduces the adsorption capability with regard to
hydrocarbons. Preferably, the impregnation layer 15 there-
fore has an ash content which 1s greater than in the active
layer 14. Basically, these non-impregnated third active car-
bon particles 19 of the impregnation layer 15 can be the
same non-impregnated active carbon particles 16, which
also come 1nto use 1n the active layer 14. A composition for
the impregnation layer 15 1s preferred, in which approxi-
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mately 10% by weight first active carbon particles 17
impregnated with potassium 1odide, approximately 5% by
weilght second active carbon particles 18 impregnated with
potassium carbonate, and a remainder of approximately 85%
by weight third non-impregnated active carbon particles 19
and ash are present. In the impregnation layer 15, therefore,
the non-impregnated active carbon particles 19 have a
weight proportion of less than 83%, preferably less than
80%.

The 10n exchange layer 13 has 1on exchange particles 20.
Expediently, the 1on exchange layer 13 1s hygroscopic and
contains 1ons which form a toxic environment with water. In
particular, the 1on exchange layer 13 contains acid 1ons,
which form an acid environment with water. The 1on
exchange particles 20 are preferably cation exchange par-
ticles. The 1on exchange particles 20 can contain sulphonic
acid groups. Expediently, 1n addition, provision can be made
that the 1on exchange particles 20 are configured at least
partially to be fibrous and are incorporated here into a
non-woven material layer with filter material fibres. Like-
wise, 1t 1s concervable to configure the 10on exchange par-
ticles 20 at least partially to be pulverulent and to 1ncorpo-
rate them 1nto a non-woven layer with filter material fibres.
[Likewise, a combined embodiment i1s conceivable, in which
both fibrous and also pulverulent 10n exchange particles 20
are present.

The individual tunctional layers 13, 14, 15 have, within
the filter material 12, a preferred arrangement or respectively
sequence, 1 which the active layer 14 1s arranged between
the 1on exchange layer 13 and the impregnation layer 15.
Preferably, the filter material 12 manages here without
intermediate layers, so that the active layer 14 on the one
side directly adjoins the impregnation layer 15 and on the
other side directly adjoins the 10n exchange layer 13. In FIG.
2 to 6 1n addition the air tlow 6 1s symbolized by arrows, 1n
order to indicate the throughtlow direction 29 of the filter
material 12 occurring 1n the installed state. Accordingly, the
filter material 12 has an intlow side 21 on the entry side,
facing the incoming air flow 6, which intlow side can also
be designated as entry side 21, and an outtlow side 22 on the
exit side, facing away therefrom, which can also be desig-
nated as exit side 22.

Preferably, accordingly, the ion exchange layer 13 1s
arranged on the inflow side, therefore facing the inflow side
21, whereas the impregnation layer 15 1s arranged on exit
side and faces the outflow side 22.

In the embodiment shown 1n FIG. 2, the 1on exchange
layer 13 has a non-woven material 23 of filter material
fibres, into which the 10n exchange particles 20 are embed-
ded. By means of the non-woven material 23, the 1on
exchange layer 13 1s sufliciently stable, so that 1t can form
a support layer for the filter material 12. Accordingly, 1n this
embodiment, the 1on exchange layer 13 can form an outer
side, here the inflow side 21, of the filter material 12. In this
embodiment, i addition, the impregnation layer 15 1s also
formed with a non-woven material 24 of filter material
fibres, mnto which the impregnated active carbon particles
17, 18, and 1if applicable also the non-impregnated active
carbon particles 19, are incorporated. Accordingly, by means
of the non-woven material 24, the impregnation layer 15 can
also form a support layer for the filter material 12. In the
example, the impregnation layer 13 therefore likewise forms
an outer side, namely the exit side 22 of the filter material
12. In the embodiment shown 1n FIG. 2, the filter material
12 therefore has precisely three layers, namely the said
functional layers 13, 14, 15, therefore the 10n exchange layer
13, the active layer 14 and the impregnation layer 15. As
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mentioned above, the respective functional layer 13, 14, 15
can be, 1n itsell, multi-layered or respectively have multiple
plies.

According to FIG. 3, the filter material 12 can have, on the
inflow side, an inflow-side or first additional layer 25, which
then forms the inflow side 21 or entry side 21 of the filter
material 12. The additional layer 25 here 1s expediently a
non-woven material of filter material fibres and can, accord-
ing to pore side, be configured as a support layer or as a
particle filter layer. The 1on exchange layer 13 then directly
adjoins on the one side the active layer 14 and on the other
side this first additional layer 25 respectively directly. For
support on the outtlow side, the filter material 12 can again
have, as 1n FIG. 3, the impregnation layer 15 reinforced with
the non-woven material 24. However, the embodiment
shown 1n FIG. 4 1s preferred.

According to FIG. 4, the filter material 12 has, 1n addition
to the first additional layer 25 on the mflow side, a second
additional layer 26 on the outflow side, which 1n this case
forms the outflow side 22 or respectively the exit side 22 of
the filter material 12. The impregnation layer 15 thereby
directly adjoins on the one side the active layer 14 and on the
other side the second additional layer 26 respectively
directly. In this embodiment, the filter material 12 has
precisely five layers, namely the three functional layers 13,
14, 15 and the two additional layers 25, 26. As mentioned,
the respective individual layer can be designed here respec-
tively so as to be multi-layered or respectively having
multiple plies. The second additional layer 26 1s expediently
likewise a non-woven material of filter material fibres and
can be configured, depending on pore size, as a support layer
or as a particle filter layer.

Alternatively, a further embodiment 1s conceivable 1n an
analogous manner to the variant shown in FIG. 3, 1n which
likewise only one additional layer 1s present, namely only
the second additional layer 26 on the outflow side 22. In this
case, the 1on exchange layer 13 1s then reinforced with the
non-woven material 23 again as 1n FIG. 2. In this case and
in the case of FIG. 3, the filter material 12 then has four
layers, namely the three functional layers 13, 14, 15 and the
respective additional layer 25 or respectively 26. As men-
tioned, the respective individual layer here can, in itself,
again be designed so as to be multi-layered.

According to FIG. 5, 1n an alternative structure in addition
a third separate additional layer 27 can be provided. In this
case, the 1on exchange layer 13 on the one side directly
adjoins the first additional layer 25, whereas the impregna-
tion layer 15 on the one side directly adjoins the active layer
14 and on the other side directly adjoins the second addi-
tional layer 26. The 10n exchange layer 13 now on the other
side directly adjoins the third additional layer 27, which 1n
turn directly adjoins the active layer 14. Therefore, 1n this
case, the filter material 12 consists of the 10n exchange layer
13, the active layer 14, the impregnation layer 15 and the
three additional layers 25, 26, 27. The individual layers 13,
14, 15, 25, 26, 27 follow one another in the throughflow
direction 29 of the filter material 12, provided for the
installed state, from the inflow side 21 to the outflow side 22
as follows: The first additional layer 26 comes first, there-
aiter the 1on exchange layer 13, the third additional layer 27,
the active layer 14 and the impregnation layer 15 follow one
another, and the second additional layer 26 follows last.

According to FIG. 6, for a further embodiment in addition
a fourth additional layer 28 is proposed. In this case,
provision 1s made accordingly that the 1on exchange layer 13
on the one side directly adjoins the first additional layer 25,
that the impregnation layer 15 on the one side directly
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adjoins the second additional layer 26, that the 1on exchange
layer 13 on the other side directly adjoins the third additional
layer 27, that the impregnation layer 15 on the other side
directly adjoins the fourth additional layer 28, and that the
active layer 14 on the one side directly adjoins the third
additional layer 27 and on the other side directly adjoins the
fourth additional layer 28. Consequently, 1n this case the
filter material 12 consists of the 1on exchange layer 13, the
active layer 14, the impregnation layer 15 and the four

additional layers 25, 26, 27, 28. The individual layers 13, 14,
15, 25, 26, 27, 28 follow one another in the throughilow
direction 29 of the filter material 12, provided for the
installed state, from the inflow side 21 to the outflow side 22
as follows: The first additional layer 25 comes first, there-
aiter the 1on exchange layer 13, the third additional layer 27,
the active layer 14, the fourth additional layer 28 and the
impregnation layer 15 then follow one another, and the
second additional layer 26 follows last.

In so far as the above-mentioned additional layers 25, 26,
277, 28 also have a filtration function for particulate 1impu-
rities and are accordingly configured as particle filter layers,
these filtration functions can be transferred to these “pas-
sive” additional layers 25, 26, 27, 28, which relieves the
“active” functional layers 13, 14, 15 accordingly of these
filtration functions. These additional layers 25, 26, 27, 28
therefore serve 1n a non-active manner for the adsorption of
usual gaseous odorous substances and therefore in particular
do not contain any active carbon particles. The additional
layers 25, 26, 27, 28 are accordingly preferably free of active
carbon.

The invention claimed 1s:

1. A multilayer filter material for an interior air filter
clement of an air conditioning system ol a vehicle, com-
prising:

an 10n exchange layer including 1on exchange particles;

a plurality of further layers;

the 10n exchange layer directly adjoining at least one of

the plurality of further layers;

the plurality of further layers including an active layer,

which includes non-impregnated active carbon par-
ticles, and an i1mpregnation layer, which includes
impregnated active carbon particles;

the active layer arranged between the 10n exchange layer

and the impregnation layer;

wherein the 1on exchange layer 1s hygroscopic and con-

tains 1ons which form a toxic environment with water:
wherein the impregnation layer includes a component of
active carbon particles impregnated with potassium
iodide and a component of active carbon particles
impregnated with potassium carbonate; and

wherein a weight % of the impregnation layer provided by

the component impregnated with potassium 1odide 1s
greater than a weight % of the impregnation layer
provided by the component impregnated with potas-
stum carbonate.

2. The filter matenal according to claim 1, wherein the 1on
exchange layer includes acid ions which form an acid
environment with water.

3. The filter material according to claim 1, wherein the 1on
exchange layer includes cation exchange particles.

4. The filter material according to claim 1, wherein the ion
exchange layer includes 1on exchange particles including
sulphonic acid groups.

5. The filter material according to claim 1, wherein the 1ion
exchange particles are at least partially fibrous and are
incorporated into a non-woven material layer including filter
material fibres.
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6. The filter material according to claim 1, wherein the 10n
exchange particles are at least partially pulverulent and are
incorporated 1nto a non-woven material layer including filter
material fibres.

7. The filter matenial according to claim 1, wherein at least
one of:

the active layer has an ash content of 5% by weight or

less: and

the active layer includes active carbon particles having a

grain size ol at least one of 30x60 mesh and 30x70
mesh.

8. The filter material according to claim 1, wherein the
impregnation layer contains approximately 10% by weight
of the component impregnated with potassium 1odide and
approximately 5% by weight of the component impregnated
with potassium carbonate.

9. The filter material according to claim 1, wherein the
active layer on one side directly adjoins the impregnation
layer and on another side directly adjoins the 1on exchange
layer.

10. The filter material according to claim 1, wherein:

the impregnation layer includes a non-woven material of

filter matenal fibres and forms an outer side of the filter
material;

the 1on exchange layer includes a non-woven material of

filter matenal fibres and forms another outer side of the
filter material; and

the filter material includes only the 10n exchange layer, the

active layer and the impregnation layer.

11. The filter material according to claim 1, wherein:

the plurality of further layers further includes two addi-

tional layers;

the 10n exchange layer on one side directly adjoins the

active layer and on another side directly adjoins a first
additional layer;

the impregnation layer on one side directly adjoins the

active layer and on another side directly adjoins a
second additional layer; and

the filter material consists of the 1on exchange layer, the

active layer, the impregnation layer and the two addi-
tional layers.

12. The filter material according to claim 1, wherein:

the plurality of further layers further includes three addi-

tional layers;

the 1on exchange layer on one side directly adjoins a first

additional layer;

the impregnation layer on one side directly adjoins the

active layer and on another side directly adjoins a
second additional layer;

the 10n exchange layer on another side directly adjoins a

third additional layer, which directly adjoins the active
layer; and

the filter material consists of the 1on exchange layer, the

active layer, the impregnation layer and the three
additional layers.

13. The filter material according to claim 1, wherein:

the plurality of further layers further includes four addi-

tional layers;

the 1on exchange layer on one side directly adjoins a first

additional layer;

the impregnation layer on one side directly adjoins a

second additional layer;

the 10n exchange layer on another side directly adjoins a

third additional layer;

the impregnation layer on another side directly adjoins a

fourth additional layer;
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the active layer on one side directly adjoins the third
additional layer and on another side directly adjoins the
fourth additional layer; and

the filter matenal consists of the 1on exchange layer, the
active layer, the impregnation layer and the four addi-
tional layers.

14. The filter material according to claim 11, wherein at
least one of:

at least one of the two additional layers 1s configured as
a support layer which is penetrable by particles having
a grain size of less than 1 mm; and

at least one of the two additional layers 1s configured as
a particle filter layer which 1s impenetrable by particles
having a grain size of greater than 0.1 mm.

15. The filter material according to claim 1, wherein the
ion exchange layer, with respect to a throughflow direction
of the filter material 1 an installed state, i1s arranged
upstream of the impregnation layer.

16. An 1nterior air filter element for an air conditioning
system ol a vehicle, comprising a filter body and a filter
material, the filter material including:

a hygroscopic 1on exchange layer including 10n exchange
particles and 1ons which form a toxic environment with
water;

a plurality of further layers including an active layer and
an 1mpregnation layer, at least one of the plurality of
further layers directly adjoining the 10n exchange layer,
the active layer including non-impregnated active car-

bon particles and arranged between the 1on exchange
layer and the impregnation layer, the impregnation
layer including impregnated active carbon particles, a
component of active carbon particles impregnated with
potassium 1odide, and a component of active carbon
particles impregnated with potassium carbonate; and
wherein a weight % of the impregnation layer provided by
the component impregnated with potassium 1odide 1s
greater than a weight % of the impregnation layer
provided by the component impregnated with potas-
stum carbonate.

17. The intenior air filter element according to claim 16,

wherein the 1on exchange layer, with respect to a through-
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flow direction of the filter material in an installed state, 1s
arranged upstream of the impregnation layer.

18. An air conditioning system for a vehicle, comprising
an interior air filter device including at least one interior air
filter element, the at least one interior air filter element
including a filter body and a filter material, the filter material
including;

a hygroscopic 1on exchange layer including 1on exchange
particles and 1ons which form a toxic environment with
water;

a plurality of further layers including an active layer and
an 1mpregnation layer, at least one of the plurality of
further layers directly adjoining the 10n exchange layer,
the active layer including non-impregnated active car-

bon particles and arranged between the 1on exchange
layer and the impregnation layer, the impregnation
layer including impregnated active carbon particles, the
impregnated active carbon particles including a com-
ponent of active carbon particles impregnated with
potassium 10dide and a component ol active carbon
particles impregnated with potassium carbonate; and
wherein a proportion of the component impregnated with
potassium 10dide 1n the impregnation layer i1s greater
than a proportion of the component impregnated with
potassium carbonate 1n the impregnation layer.

19. The air conditioning system according to claim 18,
wherein at least one of:

the 1on exchange layer 1s arranged upstream of the active
layer and the impregnation layer i1s arranged down-
stream of the active layer; and

the impregnation layer contains approximately 10% by
weight of the component impregnated with potassium
iodide and approximately 3% by weight of the com-
ponent impregnated with potassium carbonate.

20. The filter material according to claim 13, wherein:

at least one of the four additional layers 1s configured as
a support layer penetrable by particles having a grain
size of less than 1 mm; and

at least one of the four additional layers 1s configured as
a particle filter layer impenetrable by particles having a
grain size of greater than 0.1 mm.
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